The Joint U.S./Brazilian Renewable Energy Rural Electrification Project was established following the Earth Summit in Rio de Janeiro in June 1992. installation of the hardware for Phase 1 of the project has been completed; the nearly 800 photovoltaic (PV) lighting systems are now operational, and a 3-year period of monitored operating and maintenance experience has begun. Procurement for equipment in a Phase 2 project expansion into six additional states was completed during the summer of 1994. In Phase 2, the project emphasis has expanded into other applications (water pumping by both PV ,and wind, stand-alone home electrification with basic ac power, two 50-kW village-scale hybrid power systems for diesel fuel displacement in the Amazon Basin, and additional home, school, and health clinic dc power systems). The objectives of these pilot projects are to establish technical, institutional, ,and economic confidence in using renewable energy (PV and wind) systems to meet the needs of the citizens of rural Brazil.
INTRODUCTION
In the developing world, approximately 70% of the population (around 2 billion people) live without access to, and the benefits of, basic electric services. In Brazil, it is estimated that about 20-million people do not have access to electric energy. A good fraction of this population lives in the relatively arid northeast part of Brazil, all of which is accessible by car. While the electric grid reaches all larger towns and is being systematically extended to rural properties and villages, these rural electric customers consume only very modest amounts of electrilcity, typically 10 to 30 kWh per month. The cost of even-short distance grid extensions is often greater than US$lOOO, and, thus, investments in grid extensions for these populations are economically inefficient.
Small stand-alone photovoltaic (PV) systems can provide the basic low-energy consumption services desired by the rural peoples (lighting, TV, radio) for US$500 or less, making this option a very promising alternative to grid extension.
A different situation exists in the north of Brazil (see Fig.  1 ). This is the region of the Amazon Basin. Many places are accessible only by boat, and 310 villages in this region have diesel electric generators, which often provide electric service for only 6 hours each day due to the very high cost of diesel fuel deliveries to these villages. Renewable energy hybrid (PV, wind, battery, diesel) power systems are of great interest to the state utilities and to Eletrobras (the main federal utility) as a method of enhancing electric services in the Amazon Basin while reducing diesel fuel consumption, and the associated cost of fuel deliveries. Today, electricity in these 310 villages is being subsidized by the rest of the Brazilian population at approximately US$250 million per year. The demonstration of viable hybrid power system operation in these remote regions could open up a significant near-term market for renewable hybrid power systems.
PROGRAMSCOPE
The US. Department of Energy (DOE), through the National Renewable Energy Laboratory (NREL), is undertaking a two-phase cooperative joint technology research and demonstration effort with the Centro de to establish technical, institutional, and economic con fidence in using renewable energy, PV and wind sys tems to meet the needs of the citizens of rural Brazil, to establish ongoing institutional, individual, and busi ness relationships (U.S./Brazilian partnerships) nec essary to implement sustainable programs and corn mltments that benefit both Brazil and the United States. and to lay the groundwork for large-scale rural electrifi cation through the use of renewable energy systems.
1
Phase 1 of this technology research and demonstration assessment program consisted of (a) providing PV electric lighting systems to about 350 homes in the Sertao de Sao Francisco region in the Brazilian state of Pernambuco; and (b) providing PV electric lighting systems to about 400 homes and 14 schools in the outback of the state of Ceara. Key system components (PV panels, batteries, and charge controllers) were provided by NREL to CEPEL under the terms of a contract for subsequent use by the state utilities in Ceara (COELCE) and Pernambuco (CELPE). COELCE and CELPE were responsible for procuring the balance-of-system components not provided by NREUCEPEL, and for performing the systems integration, installation, maintenance, and evaluation for a 3-yr period following installation. All system installations were completed in early 1994. The program implementation structure is depicted in Fig. 2 .
In Phase 1, a total of 65 kW of PV modules, 1300 (100 Ah) batteries, and 900 charge controllers were provided. The electric utilities in Ceara and Pernambuco provided all other equipment (structures, wiring, switches, dc breakers, housings, conduit, fluorescent lights and ballasts) and installation. Training courses for the installers were provided through a cooperative effort among CEPEL, the equipment vendor (Siemens Solar Industries [SSI]), and PV experts at the Federal University of Pernambuco. System installations in the villages of Cardeiros and Cacimbas are shown in Fig. 3 and 4, respectively.
As part of the Phase 1 activity, detailed socio-economic audits were conducted in three villages (Cacimbas, Irapua, and Cardeiros) in Ceara to capture the situation as it presently exists. Toward the end of the 3-yr operating period of the present contracts, the villages will be revisited with a similar audit to better understand the impacts brought on by the PV installations. The audits developed family, educational, and occupation statistics in addition to situation analyses on the community organizational institutions and population health. Data were also collected on early impressions regarding the PV lighting systems and current expenditures for lighting fuels.
Phase 2
The Phase 2 project expansion extends the pilot project into six additional Brazilian states (Acre, Alagoas, Amazonas, Bahia, Minas Gerais, and Para). Phase 2 also extends the demonstration of PV applications to a wider variety of standalone end uses as well as hybrid village power, and introduces the use of wind electric power generation for selected sites and applications.
The hardware subcontracts awarded under Phase 2 have been executed in a manner substantially similar to the implementation of Phase 1, and were completed in October 1994.
The subcontracts awarded under the project expansion have three primary tasks: system design integration assistance, supply of specific U.S.-manufactured components to Brazil, and system installation supervision and operator training. The NREL agreement with CEPEL has also been extended to cover supervision of Phase 2 equipment installation and a 3-yr operations and maintenance (O&M) period following installation.
Phase 2 stand-alone systems are being supplied to the Brazilian states of Acre, Alagoas, Bahia, and Minas Gerais. US. vendors providing this equipment include SSI, Solarex, Photocomm (using USSC modules), and Bergey Windpower. A total of 51.5 kW of PV modules, 195 charge controllers, 25 inverters, 32 water pumps, 5 wind-electric systems with water pumps, and 2 wind-electric systems with inverters will be shipped by the vendors in early 1995.
In addition to the stand-alone projects, two hybrid power systems are being installed in the Amazon basin. A 50 kw PV-wind-battery hybrid system will be installed in the village of Joanes, on the island of Marajo, near Belem, Para. The system control and power processor is being supplied by New World Village Power (NWVP), 4-1 0 kW wind machines will be supplied by Bergey Windpower, and 10 kW of PV modules are being supplied by SSI. A battery bank of approximately 500 kWh (exact dimensioning still to be determined) will be supplied by the local electric utility, CELPA.
Joanes is connected to the larger village of Salvaterra by a 13 kV distribution feeder that will be retrofitted with a remotely controllable 3-phase switch so that Joanes can be operated as an isolated load. In the event of low battery capacity, the diesel start signal from the NWVP control system will be used to close the switch, bringing diesel-generated power in over the feeder to supply the village while recharging the batteries.
The site at Joanes is a large flat field on well-compacted dirt about 10 m above Marajo Bay, a fresh water part of the Amazon River delta that includes the Island of Marajo. The site is well exposed to the equatorial trade winds of the Atlantic and is located at about 0.8 degrees south (see Fig. 5 ).
The second hybrid system site is located at the village of Campinas, approximately 100 km upstream from Manaus between the Solimdes and Rio Negro rivers at approximately 3.3" south latitude. Accessible only by boat, electricity in Campinas is supplied to 65 users through a local electric grid that is energized for 6 h per day, from 6:OO pm to midnight, by one of two on-site 48 kW diesel generators. Diesel fuel is supplied to the power plant every 2 mo and stored in a local tank (see Fig. 6 ).
A 50 kW PV-battery hybrid system will be installed in Campinas, with the option for 20 kW of wind generation if the resource proves sufficient. The system control and power processor is being supplied by Advanced Energy Systems Ltd, as a subtier contractor to Bergey Windpower. The 50 kW of PV modules are being supplied by Solarex Corporation. As with Joanes, a battery bank of approximately 500 kWh (exact dimensioning still to be determined) will be supplied by the local electric utility, CEAM.
CONCLUSION
The Joint U.S./Brazilian program is well underway. All Phase 1 systems have been installed and are operational, and Phase 2 equipment has been procured with installations scheduled for the March-to-June 1995 timeframe. The Brazilian utilities continue to show a strong interest in developing and deploying solar electric systems as an alternative to grid extensions. As evidence of the growing interest in renewable energy in Brazil, CEPEL has organized a PV working group among the utilities and other interested stakeholders. The Grupo Trabalho de Fotovoltaica (GTEF) has established a number of working committees to address the broad array of data, standards, and development concerns regarding PV commercialization in Brazil. Figure 6 The village of Campinas, about 100 km up river from Manaus, will be the site of a 50-kW hybrid power system that operates in parallel with the diesel generators already located in the village.
